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a b s t r a c t

The cerebellar cognitive affective syndrome (CCAS) is a neurobehavioral syndrome that

may develop after congenital and acquired cerebellar lesions. The syndrome consists of

deficits in executive functioning, spatial cognition, visual–spatial memory and language

and also involves personality and behavioral changes. We describe a 58-year-old right-

handed man who in addition to affective disturbances presented with a unique combina-

tion of cognitive and linguistic deficits following an ischemic infarction in the vascular

territory of the right superior cerebellar artery (SCA). Neurocognitive and neurolinguistic

examinations were performed in the acute phase (10 days post-onset) and lesion phase

(four weeks post-onset) of the stroke. A Tc-99m-ECD SPECT study was performed five

weeks after the stroke. Acute phase data revealed a generalized cognitive decline and

mild transcortical sensory aphasia. In the lesion phase, the neurobehavioral tableau was

dominated by executive dysfunctions, disrupted divided attention, disturbed visual–spatial

organization and behavioral abnormalities. Neurolinguistic investigations disclosed visual

dyslexia and surface dysgraphia. Reading of words and visual lexical decision tasks of

words and nonwords were severely defective and predominantly characterized by visual

errors. In addition, writing irregular and ambiguous words resulted in regularization errors

(phonologically plausible errors based on phoneme-grapheme correspondence rules). In

the absence of any structural damage in the supratentorial brain regions, a quantified

SPECT study showed a relative hypoperfusion in the right cerebellar hemisphere and the

left medial frontal lobe. CCAS is for the first time reported in association with visual

dyslexia and surface dysgraphia. We hypothesize that the cognitive and linguistic deficits

might result from functional disruption of the cerebellar-encephalic pathways, connecting

the cerebellum to the frontal supratentorial areas which subserve attentional and planning

processes. This phenomenon of crossed cerebellar–cerebral diaschisis is supported by

SPECT findings revealing a hypoperfusion in the anatomoclinically suspected brain
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regions. The constellation of cognitive, linguistic and behavioral symptoms adds new

evidence to the multifaceted area of cerebellar neurocognition and demonstrates that

the cerebellum might play a crucial role in cognitive, linguistic, and affective processing.

ª 2008 Elsevier Srl. All rights reserved.
1. Introduction We describe a patient who presented with a unique combi-
The current interest in the role of the cerebellum in cognitive,

linguistic and affective functions is relatively new. During the

past two decades, clinical neuroscience has substantially ex-

tended the traditional view on the cerebellum as a mere coor-

dinator of motor functions. In the late 1980s, Positron

Emission Tomography (PET) studies provided preliminary ev-

idence for cerebellar involvement in non-motor language

functions (Petersen et al., 1988, 1989; Leiner et al., 1989). In-

deed, in addition to activation of Broca’s area, verbal-semantic

association tasks – which are generally considered to depend

on a close cooperation between verbal and executive abilities –

disclosed functional involvement of the inferior-lateral part of

the right cerebellum, which is functionally connected to the

left prefrontal language areas (Petersen et al., 1988, 1989). De-

spite variations on the original task design, several studies

with PET and functional Magnetic Resonance Imaging (fMRI)

have consistently reproduced crosswise cerebrocerebellar ac-

tivation during semantic and phonological word generation

tasks in both left- and right-handers (Raichle et al., 1994;

Grabowski et al., 1996; Chee et al., 1998; Hubrich-Ungureanu

et al., 2002; Jansen et al., 2005). In addition, clinical research

has convincingly shown that focal cerebellar damage can in-

duce a variety of non-motor linguistic deficits among which

disrupted articulatory and graphomotor planning (Mariën

et al., 2007), agrammatism, semantic deficits, distorted lan-

guage dynamics, aphasia, and reading and writing problems

(for a review see Mariën et al., 2001; Paquier and Mariën,

2005). On the neurocognitive level cerebellar damage has

been associated with a broad spectrum of symptoms such as

impaired attentional processes (Gottwald et al., 2003), execu-

tive dysfunctions (Schmahmann and Sherman, 1998), learn-

ing disability (Drepper et al., 1999) and disrupted temporal

and spatial processing (Salman, 2002). In addition to the grow-

ing body of evidence for cerebellar involvement in language

and cognition, 19th century reports already anecdotically

mentioned behavioral alterations following cerebellar lesions

(Combettes, 1831; Otto, 1873). Due to a lack of standardized in-

vestigations and pathological verification these observations

did not receive much attention (Dow and Moruzzi, 1958). To

define a typical constellation of cognitive, linguistic and affec-

tive symptoms following cerebellar damage Schmahmann

and Sherman (1998) introduced the concept of Cerebellar Cog-

nitive Affective Syndrome (CCAS). The core features of this

syndrome consist of executive dysfunctions, disrupted spatial

cognition, impaired visual–spatial memory, language distur-

bances, and personality and behavioral disorders. Since the

first description of the syndrome, CCAS has been reported in

a number of etiologically different patients, both children

and adults, with acquired (e.g., Levisohn et al., 2000; Baillieux

et al., 2006) and congenital cerebellar damage (e.g., Duggal,

2005; Mariën et al., 2008).
nation of cognitive and linguistic deficits following an ische-

mic infarction in the vascular territory of the right superior

cerebellar artery (SCA). From a semiological point of view

CCAS is for the first time reported in association with visual

dyslexia and surface dysgraphia. From an anatomoclinical

point of view our findings demonstrate that disruption of cog-

nitive and linguistic skills may also follow SCA lesions.
2. Case report

2.1. History

RDL, a 58-year-old right-handed man, with an educational

level of 10 years, was admitted to the hospital because of in-

tense vertigo, nausea, vomiting and speech and language dif-

ficulties. The clinical neurological examination on admission

revealed a discrete right hemiparesis (MRC 4þ/5). Examination

of coordination by finger-to-nose and heel-to-knee tests dis-

closed right-sided hemiataxia consisting of dysmetria and

hypermetria of the right arm and leg that was too pronounced

to be explained by muscular weakness. Ataxia was only par-

tially affected by visual clues. Gait ataxia was noticed as

well. Hypometric saccades were observed when eye move-

ments were tested. Tendon reflexes were slightly brisker at

the right than on the left side of the body. Plantar response

was flexor bilaterally. A discrete hypoesthesia for pinprick

was found at the right side of the body. Speech was slightly

dysarthric. Auditory-verbal comprehension and naming

were defective. An MRI scan of the brain showed a right cere-

bellar-pontine infarction in the vascular territory of the SCA.

No evidence of supratentorial damage was found (Fig. 1A–H).

A Tc-99 m-ECD SPECT perfusion scan was performed five

weeks post-stroke. Trans-axial images with a pixel size of

3.56 mm were anatomically standardized using SPM and com-

pared to a standard normal and SD image obtained from 15

normal ECD perfusion studies. Using a 31 ROI template the

Z-scores (SD) were then calculated for each region. A regional

Z-score of>2.0 is considered significant. In comparison to nor-

mal database findings, the quantified baseline ECD SPECT

study revealed a relative hypoperfusion in the right cerebellar

hemisphere (�3.15 SD below average) and decreased cerebral

blood flow in the left medial frontal area (�2.21 SD below

average) (Fig. 2).

2.2. Neurolinguistic assessments

Formal neurolinguistic investigations were performed 10 days

and four weeks after the stroke. The neurolinguistic examina-

tion consisted of the Dutch version (Graetz et al., 1992) of the

Aachener Aphasie Test (AAT) (Huber et al., 1983), a semantic

verbal fluency test (animals, transportation, vegetables and



Fig. 1 – Brain MRI axial FLAIR slices (A–H) showing a right cerebellar-pontine infarction in the vascular territory of the

superior cerebellar artery (SCA) (A–D). No structural damage was observed at the supratentorial level (E–H).
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clothing), and the Boston Naming Test (BNT) (Kaplan et al.,

1983; Mariën et al., 1998).

Ten days post-stroke, transcortical sensory aphasia was

objectified (Table 1). As shown by defective AAT subtest re-

sults, the patient had auditory verbal and visual comprehen-

sion deficits (total comprehension, 88/120; mean, 108.49; SD,

10.85). The score on the Token Test was nine errors (mean,

2.28; SD, 2.75). Repetition was normal. A deficient result on

the BNT (47/60, mean, 52.8; SD, 3.7) indicated disrupted visual

confrontation naming. The majority of naming errors con-

sisted of ‘don’t know responses’ (10/13) indicating underlying

verbal mnestic problems. Speech was ataxic in nature and

marked by distorted consonant production, irregular articula-

tory breakdowns, hypophonia and fast rate. Spontaneous

speech was additionally characterized by verbal persevera-

tions and a slightly increased verbal output. However, results

on verbal fluency tasks (Table 2) were severely impaired: se-

mantic and phonological fluency scores were 44 (mean, 60.5;

SD, 7.14) and 16 (mean, 41; SD, 5.23), respectively. Reading

aloud was within the normal range. Writing contained
Fig. 2 – Quantified ECD SPECT scan five weeks post-stroke show

the left medial frontal area.
phonological paragraphias. Intensive semantic therapy and

articulation therapy were started on a daily basis. As reflected

by repeat AAT results, obtained four weeks post-onset neuro-

logical symptoms, transcortical sensory aphasia receded but

written language disturbances persisted. As demonstrated

by normal BNT results visual confrontation naming normal-

ized but semantic verbal fluency did not improve (Table 2).

Ataxic dysarthria markedly ameliorated.

Written language skills were investigated in more detail

four weeks post-onset neurological symptoms by means of

the Dutch version (Bastiaanse et al., 1995) of the Psycholin-

guistic Assessments of Language Processing in Aphasia

(PALPA) (Kay et al., 1992). Results on reading aloud and visual

lexical decision tasks are shown in Table 3. Overall reading

aloud of words was severely defective but reading accuracy

was not significantly affected by length, frequency, grammat-

ical class, or regularity of spelling. Word imageability, how-

ever, affected reading performance. The patient obtained

a defective score of 36/40 (mean, 39.98; SD, 0.16) on reading

low imageability words. As demonstrated by maximum scores
ing a hypoperfusion in the right cerebellar hemisphere and



Table 1 – AAT results obtained 10 days and four weeks post-stroke

Language modality Test Score 10 days Score 4 weeks Mean SD

Spontaneous speech Communicative behavior 4 5

Articulation and prosody 4 4

Automatized language 4 5

Semantic structure 4 4

Phonological structure 5 5

Syntactic structure 5 5

Repetition Total Score 144/150 147/150 144.1 8.07

Confrontation naming Nouns 30/30 30/30 27.92 2.9

Color terms 27/30 30/30 27.69 1.99

Compound nouns 25/30 28/30 28.04 2.61

Sentences 22/30 26/30 25.69 3.71

Total score 104/120 114/120 109.3 8.42

Comprehension Auditory: words 20/30 28/30 26.49 3.3

Auditory: sentences 21/30 28/30 26.79 3.41

Total score auditory comprehension 41/60 56/60 53.28 6.08

Visual: words 26/30 26/30 28.3 2.29

Visual: sentences 21/30 20/30 26.91 3.9

Total score visual comprehension 47/60 46/60 55.21 4.9

Total score comprehension 88/120 102/120 108.49 10.85

Token Test 9 errors 2 errors 2.28 2.75

Written language Reading aloud 28/30 30/30 28.95 1.93

Selecting/combining on dictation 20/30 23/30 28.57 2.75

Writing to dictation 20/30 20/30 28 3.67

Total score 68/90 73/90 85.52 7.63

SD, standard deviation.
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on letter case matching tasks of real words and nonwords, let-

ter processing was normal. In addition, visual lexical decision

tasks of words and nonwords revealed a severely disrupted

performance. The patient identified 53/140 (37.9%) nonwords

as real words.

The patient’s scores on the writing tests of the PALPA are

shown in Table 3. 84/144 (58.3%) real words and 17/24 (70.8%)

nonwords were correctly written. Word length clearly affected

writing. High imageable-high frequent words (9/10) were more

adequately written than low imageable-low frequent items (3/

10), whereas function words (5/5) were better written than

nouns (1/5). Regularity had a significant influence on writing

performances: regular words were written more often cor-

rectly than irregular words (14/20 and 5/20, respectively). In

addition, a frequency effect was also observed in each cate-

gory: 5/6 regular-high frequent compared to 9/14 regular-in-

frequent items, and 2/3 irregular-frequent compared to 3/17

irregular-infrequent items.

2.3. Neurocognitive assessments

To evaluate general cognitive abilities and memory, the

Wechsler Adult Intelligence Scale-III (Wechsler, 1997) and

Wechsler Memory Scale-R (WMS-R) (Wechsler, 1987) were ad-

ministered. Executive functioning and problem-solving were

investigated by means of the Wisconsin Card Sorting Test

(WCST) (Heaton et al., 1993), the Stroop Colour-Word Test

(Hammes, 1971), and the Trail Making Test (Reitan, 1958).

The D2 test of attention (Brickenkamp and Zillmer, 1998)

and the copy of the Rey-Osterrieth Figure (Osterrieth, 1944)
were used to evaluate visual-motor concentration and visuo-

constructive praxis (Table 2).

In the acute phase of the stroke (14 days post-onset neuro-

logical symptoms), disruption of general cognition was

reflected by a total Wechsler IQ level of 66. The verbal IQ

was 68 and the performal IQ was 71. The Wechsler Memory

Scale-R revealed globally decreased memory levels. A discrep-

ancy of 18 indexpoints was found between visual (index¼ 66)

and verbal memory (index¼ 84). As reflected by an index of 59

(�2.7 SD) recent memory was severely distorted. Ataxic symp-

toms affected visuo-motor concentration [D2 impaired for

both working rate (Percentile 1) (Pct.) and accuracy, (Pct. 1)].

Generalized concentration disturbances were objectified by

means of non-motor tasks (e.g., WMS-R concentration

index¼ 60). Investigation of frontal lobe functions revealed

executive disturbances involving divided attention (Stroop:

Card I/II/III: Pct. 10/1/1), mental flexibility (WCST: Pct. 1; Trail

Making A: Pct. 1), and visual–spatial planning (Trail Making

B: Pct. 1). A distorted copy of the Rey-Osterrieth figure indi-

cated constructional apraxia (20/36; mean, 35; SD, 3). Behavior

was characterized by disinhibited actions, overfamiliarity,

confabulations and perseverations.

In addition to speech and language therapy a cognitive re-

habilitation program was started. Five weeks after the stroke,

an overall improvement of cognitive functioning was found

(Table 2). Visual (index¼ 102) and verbal memory (index¼ 101)

had normalized and the discrepancy between both levels re-

solved. As reflected by deficient scores on the Stroop (Pct. 5/1/

1) and Trail Making Test (Pct. 10/10), dysexecutive dysfunctions

persisted. A defective performance on concentration (WMS-R:



Table 2 – Acute and lesion phase: cognitive results

Neurocognitive tests Acute phase Lesion phase Norms

Score (scaled score) Score (scaled score) Mean SD

Mini mental state examination 24/30 27/30 29 1.3

Intelligence

Wechsler global IQ (GIQ) 66 – 100 15

Wechsler verbal IQ (VIQ) 68 – 100 15

Wechsler performal IQ (PIQ) 71 – 100 15

Raven progressive matrices 110 110 100 15

Memory

Wechsler Memory Scale (WMS-R)

Visual memory index 66 102 100 15

Verbal memory index 84 101 100 15

Global memory index 70 100 100 15

Delayed recall 59 88 100 15

Language

Boston Naming Test (BNT) 47/60 54/60 52.8 3.7

Verbal fluency

Semantic generation 44 47 60.5 7.14

Total number of perseverations 4 3

Total number of intrusions 0 0

Phonological generation (F, A, S) 16 – 41 5.23

Total number perseverations 1 –

Total number intrusions 3 –

Executive functioning

Wisconsin card sorting Pct.1 –

Stroop Colour-Word Test

Card I/II/III Pct.10/1/1 Pct.5/1/1 Pct.50/50/50

Trail making

A/B Pct.1/1 Pct.10/10 Pct.50/50/50

Praxis

Rey-Osterrieth Figure 20/36 25/36 35 3

Concentration

Concentration index WMS-R 60 74 100 15

D2 crossing out test speed/accuracy Pct.1/1 – Pct.50/50

SD, standard deviation; –, not administered, due to refusal of patient; Pct., percentile.
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index¼ 74) and visuo-constructive praxis (Rey-Osterrieth Fig-

ure: 25/36) was found as well. Behavior and affective regulation

remained aberrant. The patient acted impulsively and dis-

played disinhibited behavior. He strongly confabulated and

had a severely distorted sense of reality. He forcefully denied

any cognitive, linguistic or affective problems. Consequently,

he refused additional testing and therapy and left the hospital

against the advice of family members, doctors and caregivers.

This attitude fitted in an overall behavioral profile of indiffer-

ence and withdrawal. According to his relatives, the patient

had become unconcerned and emotionally labile. He withdrew

from his friends and family and became socially isolated. He

displayed irresponsible, impulsive and stereotypical behavior.

After one year, he still avoids any social contact and keeps re-

fusing medical follow-up and therapy.
3. Discussion

After an ischemic infarction in the vascular territory of the

right SCA, our patient developed cognitive and behavioral
characteristics consistent with CCAS. In addition, persistent

visual dyslexia and surface dysgraphia were found after re-

mission of mild transcortical sensory aphasia in the acute

phase of the stroke.

Reading and writing disturbances due to cerebellar damage

are only scarcely documented in the literature (Moretti et al.,

2002a, 2002b; Mariën et al., 2007). Analysis of RDL’s reading er-

rors disclosed marked visual similarity between the stimulus

words and responses indicating acquired visual dyslexia

(Marshall and Newcombe, 1973). To our knowledge, this syn-

drome has only been recorded in nine patients and has never

been described in association with cerebellar damage (Casey

and Ettlinger, 1960; Marshall and Newcombe, 1973; Lambon

Ralph and Ellis, 1997; Cuetos and Ellis, 1999; Sinn and Blanken,

1999; Biran et al., 2003; Crutch and Warrington, 2007). Ac-

quired visual dyslexia is characterized by visual errors in

which at least half the number of the letters of the target

word are present (Lambon Ralph and Ellis, 1997). RDL’s read-

ing errors on the PALPA subtests were all classified as visual

errors. In 13/18 instances, errors occurred in medial word

position (72.2%) and in only 2/18 (11.1%) in initial and in 3/18



Table 3 – PALPA subtests lesion phase: results for reading
aloud, visual lexical decision and writing to dictation

Test Score Mean SD Range

Reading aloud (Palpa 35, 37, 39, 43)

Word length (graphemes)

Total score 23/24 24

Word length (syllables)

Total score 23/24 23.98 0.16 23–24

Imageability and frequency

Iþ/Fþ 20/20 19.98 0.16 19–20

Iþ/F� 20/20 20.00 – –

I�/Fþ 19/20 19.98 0.16 19–20

I�/F� 17/20 20.00 – –

Fþ 39/40 39.95 0.22 39–40

F� 40/40 40.00 – –

Iþ 40/40 39.98 0.16 39–40

I� 36/40 39.98 0.16 39–40

Total score 76/80 79.95 0.22 79–80

Grammatical class

Nouns 14/15 14.98 0.16 14–15

Adjectives 14/15 14.98 0.16 14–15

Verbs 14/15 15.00 – –

Function words 14/15 15.00 – –

Total score 56/60 59.95 0.22 59–60

Spelling-sound regularity

RG 28/30 29.93 0.26 29–30

IRG 26/30 29.75 0.66 27–30

Total score 54/60 59.68 0.75 57–60

Nonword reading

3 Graphemes 3/6 6.00 – –

4 Graphemes 4/6 5.98 0.16 5–6

5 Graphemes 5/6 5.95 0.22 5–6

6 Graphemes 5/6 5.9 0.3 5–6

Total score 17/24 23.83 0.54 21–24

Letter processing (Palpa 20)

Total score 60/60 59.53 0.87 56–60

Visual lexical decision (Palpa 23, 24, 25)

Real words

RG 15/15 14.98 0.16 14–15

IRG 14/15 14.9 0.49 12–15

Nonwords 28/30 29.98 0.16 29–30

Total score 57/60 59.85 0.53 57–60

Imageabilty and frequency

Real words 79/80 79.83 0.49 78–80

Fþ 40/40 40

Iþ 40/40 40

F� 39/40 39.83 0.49 38–40

I� 39/40 39.83 0.49 38–40

Nonwords 53/80 78.85 1.72 70–80

Total score 132/160 158.72 1.78 156–160

Morphology

Real words 28/30 29.85 0.42 28–30

Inflections 14/15 14.88 0.4 13–15

Derivations 14/15 14.98 0.16 14–15

Nonwords 6/30 27.3 3.37 15–30

Inflections 5/15 13.83 2.29 4–15

Derivations 1/15 13.48 1.57 9–15

Total score 34/60

Writing to dictation (Palpa 37, 38, 39, 40, 42, 43)

Word length

3 Graphemes 6/6 6 – 5–6

4 Graphemes 5/6 5.88 0.33 5–6

Table 3 (continued)

Test Score Mean SD Range

5 Graphemes 4/6 5.9 0.3 5–6

6 Graphemes 2/6 5.98 0.16 5–6

Total score 17/24 23.75 0.58 21–24

Imageability and frequency

Iþ/Fþ 9/10 9.9 0.3 9–10

Iþ/F� 6/10 9.8 0.51 9–10

I�/Fþ 4/10 9.95 0.22 9–10

I�/F� 3/10 9.65 0.88 9–10

Total score 22/40 39.3 1.42 33–40

Grammatical class

Nouns 1/5 4.98 0.4 4–5

Adjectives 3/5 5 0.16

Verbs 4/5 4.98 0 4–5

Function words 5/5 4.93 0.16 4–5

Total score 13/20 19.88 0.4 18–20

Grammatical class and imageability

Nouns 5/10 9.75 0.58 8–10

Function words 8/10 9.93 0.26 9–10

Total score 13/20 19.68 0.75 17–20

Spelling-sound regularity

Regular

I� 8/10 9.88 0.40 8–10

Iþ 6/10 9.78 0.61 7–10

F� 9/14 13.88 1.23 8–14

Fþ 5/6 5.68 0.91 3–6

Total regular 14/20 19.73 0.87 15–20

Irregular

I� 3/10 9.28 1.34 5–10

Iþ 2/10 8.88 1.71 5–10

F� 3/17 15.10 2.64 5–17

Fþ 2/3 2.85 0.36 2–3

Total irregular 5/20 18.10 2.93 7–20

Total score 19/40 37.38 3.53 26–40

Nonwords

Total score 17/24 23.33 0.96 21–24

SD, standard deviation; RG, regular. IRG, irregular; Iþ, high image-

able; Fþ, high frequent; I�, low imageable; F�, low frequent.
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(16.7%) in final word position. Since initial or final letter

positions did not influence RDL’s reading performance, a diag-

nosis of neglect dyslexia was excluded (Ellis et al., 1987; War-

rington, 1991). A diagnosis of letter-by-letter reading, surface

and attentional dyslexia could also be excluded since there

was not any effect of word length, regularity, and flanking or

migration of letters. However, in addition to a visual compo-

nent RDL’s reading accuracy was influenced by imageability,

which is generally considered a characteristic feature of

deep dyslexia and indicative of impairments in or around

the semantic system (Plaut and Shallice, 1994). However,

although RDL produced a few semantic paraphasias (3/6)

on the BNT, he did not make any semantic or visuo-semantic

paralexias, which are the cardinal feature of deep dyslexia.

RDL’s reading ability and visual lexical decision skills were

markedly better for words than nonwords. According to

Lambon Ralph and Ellis (1997), poor performance on nonword

reading may be due to an almost exclusive reliance on lexical

processes. Biran et al. (2003) suggested that their patients
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relied on the available lexical options during word reading,

whereas in nonword reading they could only rely on the defi-

cient visual analyzer, resulting in better reading of words over

nonwords. RDL’s real word reading was marked by verbal

morphological paralexias, a type of error that also character-

ized reading performances of the patients described by

Lambon Ralph and Ellis (1997), Cuetos and Ellis (1999), Sinn

and Blanken (1999), and Crutch and Warrington (2007). Non-

word reading was characterized by application of putative

grapheme–phoneme conversion rules (17/24); 6/7 nonwords

were lexicalized and in one nonword a monophthong was

diphthongized. A lexicalization effect was also present in vi-

sual lexical decision of words versus nonwords since 53/140

(37.9%) nonwords were incorrectly identified as real words.

In writing to dictation, RDL produced many neologisms

(84.5%) which frequently matched the phonetic characteris-

tics of the target word (pseudohomophones). Paragraphias

representing real words occurred only in 9/58 instances

(15.5%). Most of RDL’s writing errors stemmed from ortho-

graphic mistakes and represented phonologically plausible

errors (60.3%), characteristic of surface dysgraphia. Patients

with surface dysgraphia only apply phoneme–grapheme cor-

respondence rules which typically results in disrupted spell-

ing of irregular and ambiguous words. In surface dysgraphia,

spelling depends on the direct translation of the sounds of

words into those spelling patterns that are appropriate in

a given language (McCarthy and Warrington, 1990). Beauvois

and Dérouesné (1981) suggested that impairment of a lexical

spelling system, without disruption of the phonological writ-

ing process, produces surface dysgraphia. Patients with

surface dysgraphia make regularization errors, which repre-

sent plausible renditions of sound-to-letter correspondences

appropriate to the language. Although RDL was able to write

some high-frequent irregular or ambiguous words, he also

produced regularization errors. Correct spelling of irregular

words may occur, suggesting some minimal preservation

and contribution from word-specific spelling (Hatfield and

Patterson, 1983).

Summing-up, on the linguistic level RDL presented with vi-

sual dyslexia and surface dysgraphia induced by a right SCA

infarction. Fabbro et al. (2000) hypothesized that cerebellar

structures, such as the right cerebellar hemisphere and

some portions of the vermis, may control written language

processes by integrating their activity with the ‘‘frontal lobe

system’’. Our findings seem to corroborate this view. During

reading and writing, action and perception are strongly cou-

pled, and visual perception is firmly bound to attention and

to activation of brain regions necessary for action preparation

(Moretti et al., 2002b). Consequently, acquired visual dyslexia

after cerebellar lesions might be related to altered oculomotor

functioning. However, we hypothesize that RDL’s reading and

writing deficits might result from damage to the cerebellar-

encephalic projections, connecting the cerebellum to the pre-

frontal supratentorial areas which subserve attentional and

planning processes (Moretti et al., 2002a). Visual dyslexia

may follow widely distributed dominant hemisphere lesions

such as damage to the left fronto-parietal region (Cuetos and

Ellis, 1999), and bilateral frontal atrophy (Crutch and

Warrington, 2007). However, the condition has not been de-

scribed in association with cerebellar damage. Clinical
observations of patients with prefrontal lobe dysfunctions

also suggest that complex aspects of writing such as planning

and maintained attention may be disturbed (Ardila and Surl-

off, 2006). In our patient, the view of a functional disruption

of the prefrontal brain regions is supported by quantified

SPECT findings which revealed crossed cerebellar–cerebral

diaschisis, reflecting the functional impact of the cerebellar le-

sion on a distant contralateral supratentorial region due to

a lack of excitatory impulses (Baron et al., 1981; Mariën,

et al., 2001). Indeed, a quantified SPECT study performed five

weeks after the stroke showed a hypoperfusion in the right

cerebellar hemisphere and significantly decreased cerebral

blood flow in the left medial frontal area. This pattern of per-

fusion deficits was clinically also associated with a constella-

tion of cognitive and behavioral deficits resembling CCAS

(Schmahmann and Sherman, 1998). Several studies of pa-

tients with cerebellar lesions have shown similar patterns of

neuropsychological deficits in executive functioning, visual–

spatial abilities and behavior (Chafetz et al., 1996; Neau

et al., 2000; Paulus et al., 2004; Kalashnikova et al., 2005). How-

ever, Gomez-Beldarrain et al. (1997), for instance, did not find

any memory disturbances, visual–spatial disabilities or execu-

tive dysfunctioning in 26 patients with cerebellar strokes. In

addition, a number of studies have documented variations

in type and severity of symptoms, leading to the conclusion

that cognitive and behavioral consequences following cere-

bellar lesions may vary among the population (Aarsen

et al., 2004; Baillieux et al., 2006). However, the crosswise

functional impact of focal cerebellar damage on distant

supratentorial regions that subserve cognitive processes

has been amply documented and contributes to the view of

a functionally lateralized and topographic organization of

the ‘‘cognitive cerebellum’’. In the early 1990s, Botez-

Marquard et al. (1994) for the first time described a patient

who in the absence of a supratentorial lesion developed typ-

ical posterior right-hemisphere dysfunctions after a left

cerebellar lesion. Based on the SPECT findings which

revealed a right fronto-parietal hypoperfusion, the authors

concluded that the visual–spatial deficits were caused by

crossed cerebello-cerebral diaschisis. Further evidence of

right-hemisphere dysfunctioning following left cerebellar le-

sions has been provided by Chafetz et al. (1996) and Allin

et al. (2001), supporting the notion of contralateral cerebellar

involvement in cognitive modulation. On the neurolinguistic

level, Mariën et al. (1996) described a patient with left hemi-

sphere ‘‘cerebellar induced aphasia’’ following a right cere-

bellar infarction. Based on a close longitudinal follow-up of

five years with SPECT, the authors introduced the concept

of a ‘‘lateralized linguistic cerebellum’’ (Mariën et al., 2001),

emphasizing the involvement of the right cerebellar hemi-

sphere in a variety of linguistic processes subserved by the

contralateral, language dominant, hemisphere. Consistent

with this evidence are the studies of Gottwald et al. (2004)

and Hokkanen et al. (2006) who showed that patients with

right-sided cerebellar lesions were generally more impaired

in the verbal domain, while left-sided cerebellar lesions

affected patients significantly in visual–spatial tasks. In addi-

tion, many functional neuroimaging studies by means of

SPECT (Baillieux et al., 2006; Mariën et al., 2007) and fMRI

(Fink et al., 2000; Hubrich-Ungureanu et al., 2002; Jansen
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et al., 2005) have convincingly demonstrated a lateralized

functional organization of the cerebellum in the cerebello-

cerebral network of cognitive modulation.

Exner et al. (2004) recently investigated whether vascular

lesions in different parts of the cerebellum result in differen-

tial cognitive and affective impairments. The authors con-

cluded that in contrast to subjects with SCA lesions

a pattern of memory impairment, executive disturbances

and emotional withdrawal is found in patients with infarcts

in the PICA territory. These findings are in concordance with

many reports in which CCAS follows from PICA lesions

(Schmahmann and Sherman, 1998; Paulus et al., 2004; Willert

et al., 2005). However, Neau et al. (2000) found no significant

differences between the cognitive consequences of infarcts

in PICA or SCA territory. As in our patient, Botez-Marquard

et al. (1994), and Schmahmann and Sherman (1998) reported

patients with cognitive disturbances, such as executive dys-

functions and visual–spatial deficits following SCA lesions

and Mariën et al. (1996, 2000) described dynamic aphasia fol-

lowing a right SCA infarction. In our patient, a possible influ-

ence of the brainstem lesion on the cognitive and affective

symptoms should be considered since the stroke slightly ex-

tended into the pons. Garrard et al. (2002) reported long-

term neurocognitive symptoms, mostly involving attention

and executive functions in six adult patients with isolated

vascular brainstem lesions. The authors explained the specific

pattern of symptoms as a disruption of frontal cortical func-

tions, possibly resulting from diaschisis. Similar observations

have been made by Salgado et al. (2007). Fazekas et al. (1993)

also observed reduced blood flow in the contralateral cerebel-

lar and ipsilateral cortical regions (most prominent in the

fronto-parietal region) in two patients with isolated vascular

lesions in the upper pons. Unfortunately, no information

with regard to the cognitive status of the patients is provided

(Fazekas et al., 1993).

The symptoms observed in CCAS are, however, con-

sistent with predictions derived from neuroanatomical and

neuroimaging studies, revealing extensive neural circuitries

that reciprocally connect the prefrontal, temporal, posterior

parietal and limbic cortices with the cerebellum (Desmond,

2001; Schmahmann, 2004). According to Schmahmann

(2004), these anatomical subcircuits constitute the structural

basis for functional subunits, reflecting a topographic organi-

zation of motor and cognitive functions of the cerebellum: the

anterior cerebellar lobe is mainly involved in motor functions,

while the posterior parts of the cerebellum are involved in

higher cognitive modulation. However, as variability may ex-

ist with regard to the functional organization of the cerebel-

lum, future research is needed to further elucidate the

intriguing issue of a topographically organized ‘‘cognitive

cerebellum’’.
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